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Allogeneic hematopoietic stem-cell transplantation (allo-HSCT) is a curative treatment for some patients with acute myelogenous leukemia (AML). The curative effect of allo-HSCT has been attributed in part to the use of conditioning chemoradiotherapy, as well as to a putative graftversus-leukemia (GVL) effect exerted by the transplanted immunocompetent donor cells. However, some patients relapse after allo-HSCT, which results in treatment failure and a poor prognosis. AML relapse usually occurs in the bone marrow, but a small fraction of patients develop extramedullary (EM) relapse, either alone or concomitant with a bone marrow relapse (Békássy et al. 1996) . However, some reports suggest that the prevalence of EM relapse is higher-20% to 45% of all relapses-among AML patients who have undergone allo-HSCT (Mortimer et al. 1989; Simpson et al. 1998 ).
There is currently no established treatment strategy for an isolated EM relapse (IEMR) that occurs after allo-HSCT. Gemtuzumab ozogamicin (GO) (formerly CMA-676; Wyeth Laboratories, Philadelphia, PA, USA) is a humanized anti-CD33 monoclonal antibody, conjugated to calicheamicin, a potent anti-tumor antibiotic that cleaves double-stranded DNA at regions containing specific sequences (Zein et al. 1989; Hamann et al. 2002) . Owonikoko et al. (2007) reported that GO treatment for IEMR after allo-HSCT is safe and effective. In IEMR after allo-HSCT, the GVL effect may preferentially maintain marrow remission, but does not prevent EM relapse. In theory, GO does not impair the function of T lymphocytes, which exert a GVL effect, and selectively kills the leukemic cells that express CD33. Therefore, we believe that GO is a promising therapy for IEMR after allo-HSCT. We describe the use of GO to suc-cessfully treat a patient with AML who developed IEMR after allo-HSCT.
Clinical report
In December 2007, AML (FAB classification, M1) was diagnosed in a 54-year-old Japanese man. At the time of diagnosis, his white blood cell count was 214.8 × 10 9 /l, with 93% blasts. The bone marrow aspirate was markedly hypercellular, with 90% myeloblasts, which were positive for CD13, CD34, and HLA-DR. Cytogenetic analysis of the bone marrow cells showed complex abnormalities: 50, XY, +8, +9, +11, and +13. He underwent a course of induction chemotherapy with conventional idarubicin and cytarabine with leukapheresis, and achieved complete hematological remission (CHR). He was treated with a cycle of consolidation chemotherapy consisting of mitoxantrone and cytarabine; he maintained CHR after consolidation therapy. In April 2008, he underwent allogeneic peripheral blood stem cell transplantation from an HLA-matched, related donor, after receiving 8 Gy total body irradiation, 180 mg/m 2 fludarabine, and 6.4 mg/kg intravenous busulfan. The transplanted CD34-positive cell dose was 2.3 × 10 6 /kg of patient body weight. Prophylaxis for graft-versus-host disease (GVHD) consisted of cyclosporine and a short course of methotrexate. Engraftment was achieved on day 12, and a bone marrow examination on day 26 confirmed CHR. Short-tandem-repeat analysis of peripheral blood confirmed the presence of intact donor-derived cells. The patient did not develop acute GVHD; therefore, the immunosuppressant dosage was decreased from approximately day 50 after transplantation.
At approximately 120 days after allo-HSCT, the patient complained of severe lumbago. Peripheral blood smear and abdominal computed tomography showed no aberrations.
However, T2-weighted magnetic resonance images showed multiple hyperintense lesions in soft tissue and bone. Fluorodeoxyglucose-positron emission tomography (FDG-PET) at 164 days after allo-HSCT identified FDG accumulation at multiple sites in soft tissue and bone (Fig. 1A) . A biopsy of the lumbar soft tissue mass confirmed EM relapse. The biopsy specimen revealed diffuse infiltration of leukemic cells and lymphocytes ( Fig. 2A) . Most leukemic cells were positive for myeloperoxidase stain (Fig. 2B ). Most infiltrated lymphocytes were positive for CD8 (Fig. 2C) . On CD45-gating fluorescence-activated cell sorter analysis, leukemic cells were positive for CD33 (93.6%); at the time of the initial diagnosis, leukemic cells had been negative for CD33. In addition, CD13, CD34, and HLA-DR tests of leukemic cells became negative. We performed fluorescence in situ hybridization (FISH) analysis for chromosome 8 and identified 3 signals in 2% of biopsy-sampled cells and 5 signals in 55% of biopsy-sampled cells. Polymerase chain reaction (PCR) analysis of T cell receptor beta and gamma genes from biopsy-sampled cells revealed oligoclonal amplification. A bone marrow aspirate revealed morphological remission and normal karyotype. FISH analysis for chromosome 8 in bone marrow cells showed 3 signals in 0% and 5 signals in 4% of the cells. Findings from peripheral blood examination were unremarkable. These data indicate a diagnosis of IEMR of AML with cytotoxic T lymphocyte (CTL) infiltration of IEMR lesions. We anticipated a GVL effect and therefore initially limited treatment to withdrawal of immunosuppressant. The immunosuppressant was discontinued on day 177 after allo-HSCT. FDG-PET analysis on day 191 (Fig. 1B) showed some reduction in the number of lesions, as compared with an earlier PDG-PET; however, most lesions remained. Therefore, we administered 9 mg/m 2 GO on day 208. We had originally planned to administer 2 doses of GO at 9 mg/m 2 per dose, with a 14-day interval between doses; however, we could not do so because the patient developed grade 3 (NCI-CTC Ver. 2) hepatic injury. At 7 days after GO administration, the alanine aminotransferase level peaked at 361 IU/L. After treatment with glycyrrhizic acid only, it normalized 17 days after GO administration. Regarding other adverse effects of GO treatment, the patient developed grade IV neutropenia and grade IV thrombocytopenia, but both were resolved in approximately 3 weeks. FDG-PET on day 227 revealed the disappearance of the IEMR regions (Fig. 1C) . We continued to regularly monitor the patient by peripheral blood, bone marrow, and FDG-PET examinations (at day 320; Fig. 1D ). The final FDG-PET, 7 months after GO, showed no sign of recurrence. At the time of writing, more than 10 months after completing GO therapy, the patient is doing well and has returned to work.
Discussion
The findings from the present case show that GO therapy can be successful in treating AML patients who experience relapse at multiple EM sites soon after allo-HSCT. We believe that our patient was able to maintain remission after only one GO treatment because GO therapy bolstered the GVL effect. Therefore, we believe that GO can be an effective therapy for IEMR after allo-HSCT, especially when CTL react to leukemic cells at the site of EM relapse. 20% to 50% of AML patients eventually relapse after allo-HSCT; relapses usually occur in the bone marrow. IEMR is a rare complication of AML after allo-HSCT, and is associated with a very poor prognosis. In a review by the European Group for Blood and Marrow Transplantation, EM relapse was observed in 20 of 3071 (0.65%) patients (Békássy et al. 1996) . However, some reports suggest that the prevalence is higher after allo-HSCT, and has been estimated at 20% to 45% of all relapses (Mortimer et al. 1989; Simpson et al. 1998 ). Chong et al. (2000) found that an EM component was more common in patients who relapsed despite the presence of chronic GVHD, which occurred in the context of a lower overall relapse risk among patients with chronic GVHD (Sullivan et al. 1989 ). This finding suggests that, in some patients, the GVL effect may preferentially maintain marrow remission, but does not prevent EM relapse. Although the mechanism has yet to be clarified, a possible cause of IEMR is that the cells responsible for the putative GVL effect, namely, CD8-positive T cells and natural killer cells, are present in much higher numbers in the marrow than in peripheral tissue (Jiang et al. 1993 ).
In addition, the recruitment of the accessory cells that are necessary to achieve efficient local antileukemic activity may be deficient at the EM sites of leukemic relapse (Berthou et al. 1998) . CD33 is a surface antigen expressed by AML blasts in more than 80% of cases (Dinndorf et al. 1986; Jilani et al 2002) . In preclinical models, GO was able to kill CD33-positive leukemic cells; phase I/II clinical trials demonstrat- ed both its ability to clear blast cells from peripheral blood and marrow and its acceptable toxicity profile (Sievers et al 1999 (Sievers et al , 2001 Larson et al. 2002) . Thus, GO has been approved for the treatment of relapsed-refractory AML among patients older than 65 years (Bross et al. 2001) .
Regarding the effectiveness of GO among patients experiencing EM relapse in the absence of previous allo-HSCT, Piccaluga et al. (2004) reported that among 5 who experienced EM relapse, 2 exhibited a complete response, and 2 showed regression of tumoral masses of either skin or bone, despite the lack of a complete response in the bone marrow. These data suggest that GO might reach a therapeutic concentration in some tissues, not only in blood and marrow. The treatment of IEMR after allo-HSCT poses a challenge for which no standard approach exists. Radiotherapy has been used for local control, and is very useful for local control without systemic immune suppression, but may not be feasible in patients with multiple sites of involvement, as was the case in our patient. Systemic chemotherapy can be an option in such cases; however, many patients, including ours, are already heavily pretreated, and might not be able to tolerate chemotherapy at doses that are potentially curative. Moreover, high-dose chemotherapy can lead to graft failure in otherwise uninvolved marrow, and suppresses the cells responsible for the putative GVL effect in marrow. The selectivity of GO for CD33-positive leukemic cells and progenitor hematopoietic cells makes it an attractive agent for use in the post-transplant population. GO may be especially effective in patients with IEMR after allo-HSCT, because GO does not suppress cells responsible for the putative GVL effect, namely, CD8-positive T cells and natural killer cells. Owonikoko et al. (2007) reported on the safety and efficacy of GO in the treatment of IEMR in a post allo-HSCT patient. They performed field radiotherapy on their patient during local extramedullary relapse and changed to GO treatment upon presentation of multiple extramedullary relapse. Our patient presented with systemic multiple extramedullary relapse from the start, therefore, we chose GO treatment. Furthermore, our patient differed from their patient in that an infiltrate of CTL in a lesion of IEMR confirmed the histological analysis. As a reason for the relatively long-term remission being maintained by only one administration of GO, we consider that an important factor is that GO did not inhibit this GVL effect.
Recently, more data have been published on the risk of hepatic injury when GO is used as a single agent, combined with chemotherapy, or administered for relapsed disease before or after stem cell transplantation (SCT). Wadleigh et al. (2003) reported that among 62 patients, 13 (21%) developed veno-occlusive disease (VOD) of the liver; 9 of 14 (64%) with prior GO exposure developed VOD, as compared with 4 of 48 (8%) without prior GO exposure ( p < 0.0001). In addition, 9 of 10 patients who underwent SCT no more than 3.5 months after GO administration developed VOD, as compared with 0 of 4 patients who underwent SCT more than 3.5 months after GO administration. Larson et al. (2005) reported that a higher dose of GO (9 mg/m 2 ) was associated with hepatic VOD. Phase II studies of AML patients found that among those who had not undergone SCT, the incidence of VOD was 0.9%; among those who had undergone SCT, the incidence was 19%. Our patient was given 9 mg/m 2 GO because more than 3.5 months had passed after transplantation. Although our patient did not develop hepatic VOD, he did develop grade 3 (NCI-CTC Ver. 2) hepatic injury. Therefore, in the future, it may be necessary to reduce the dosage of GO for patients who have undergone allo-HSCT.
In conclusion, we consider that our observations have important implications for the treatment of isolated EM relapse after allo-HSCT. Most cases of EM relapse will ultimately result in marrow relapse, requiring systemic treatment. However, if sensitive methods such as RT-PCR and FISH analysis can confirm that donor-derived hematopoiesis occurs and that marrow leukemic relapses are absent or limited, a GVL effect may still be present, and GO treatment of an IEMR-in combination with maintenance of the GVL effect-may be recommended, so as to avoid the potential toxicity of chemotherapy.
